ABSTRACT -(Lognormal abundance distribution of woody species in a cerrado fragment (São Carlos, southeastern Brazil)). The lognormal distribution model is frequently found in communities, especially those which are rich in species and influenced by many environmental factors, as those of the cerrado. We tested the hypothesis that the abundance distribution of woody plant species in a cerrado fragment fits the lognormal model. We placed 20 lines in a cerrado fragment and sampled, with the point-quarter method, 800 individuals with stem perimeter equal or larger than 3 cm. We plotted the abundance-class histogram of the species, verified its normality with the Kolmogorov-Smirnov test, and estimated the expected number of woody species for this community. Of the 63 obtained species, Anadenanthera falcata (with 185 species), Eriotheca gracilipes (43), Stryphnodendron obovatum (37), and Miconia albicans (36) were the most abundant ones. Twelve species were represented by only one individual. We did not reject the null hypotheses that the distribution of woody component species was normal and, thus, their abundances fitted the lognormal model. Therefore, with our work, we can predict that cerrado plant communities fit the lognormal model. If this pattern is maintained in other cerrado communities, there would be implications for the conservation of this vegetation type, because rare species are susceptible of extinction, and implications to their structure, because the dominant species may act as keystone species.
Introduction
The investigation of species abundance distribution is one of the ways to study a community, establishing a mathematical model to represent the number of species and their abundance (Cielo Filho et al. 2002) . A species abundance distribution uses all the information gathered in a community and is the most complete mathemathical description of the data (Magurran 1996) . Despite its importance, there are few attempts to employ goodnessof-fit tests against abundance distributions observed in the field (Dewdney 2003) . The abundance distribution among species in a community explained by a mathematical model can be associated to biological arguments (Whittaker 1972 , May 1975 , Sugihara 1980 .
In no community examined, all species are equally common: some species are very abundant, some have medium abundance, and some are represented by only a few individuals (Magurran 1996) . Raunkiaer (1918) was the first to suggest that there should be a relationship describing the number of species and their 1.
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Corresponding author: marcobat@uol.com.br relative abundance in a community. Since then, various models have been proposed to describe species richness and abundance patterns, such as the geometric series (Motomura 1932) , the logseries (Fisher et al. 1943) , the lognormal (Preston 1948) , the broken stick (MacArthur 1957) , and the multispecies logistical (Dewdney 2003 ).
The lognormal model has been considered a statistical model (Tokeshi 1993) , a consequence of the Central Limit Theorem (May 1975) , but Sugihara's (1980) sequential breakage model stated a biological rationale for the lognormal model. The existence of an hierarchical niche structure in the community and the reflection of this niche structure upon the abundance patterns implies a biological argument of the lognormal model to groups of taxonomically related organisms (Sugihara 1980 ). An hierarchical niche structure implies that each species making up the community is different from the others and none is redundant (Kevan et al. 1997) .
The lognormal abundance distribution (Preston 1948 ) is widely used to describe patterns in community structure (Engen et al. 2002) . It is expected for communities with a large number of species (Whittaker 1965 , May 1975 , Gray 1987 and whose abundances are influenced by many independent factors (May 1975) . In the lognormal distribution, there are few species with high or low abundances and many with intermediate ones (Magurran 1996) . Lognormal distributions are widespread not only in ecological communities, but also in physics, medicine, linguistics, social sciences, and economics (Limpert et al. 2001) .
A lognormal curve can be expressed either as a rank abundance plot or as a frequency distribution (Magurran 1996) . In the first case, species are ranked from highest to lowest abundance, and their abundances are plotted, with the y axis in log scale (Magurran 1996 , Plotkin & Muller-Landau 2002 . In the second case, frequency distribution is represented by a histogram, with the x axis in log scale (Magurran 1996 , Plotkin & Muller-Landau 2002 . These two types of plots highlight the aspect of the data that the ecologist wishes to emphasize (Magurran 1996) . In the lognormal model, in which the normal-shaped curve is highlighted, the frequency distribution is normally used (Magurran 1996) . In the frequency distribution, the number of species (y axis) is plotted against the number of individuals in a log scale (x axis). The resulting classes are termed "octaves" and, if log 2 is used, they represent doubling in species abundances (Preston 1948) .
The lognormal distribution is sensitive to sample size:
if the data to which the curve is to be fitted derive from a small sample, the left portion of the curve, representing rare and unsampled species, is obscured (Magurran 1996) . The truncation point is termed "veil line" (Preston 1948 ) and the smaller the sample, the further the veil line will be from the origin of the curve (Magurran 1996) .
With an increase in sample size, the veil line approaches the origin and the bell-shaped curve is revealed (Preston 1948 , Rolim & Nascimento 1997 . The Cerrado Domain is the second most widespread phytogeographic region in Brazil, formerly occupying 23% of the Brazilian territory (Ratter et al. 1997) . In the southeast of São Paulo State, the cerrado vegetation covered 80% of the territory, but nowadays only 12% remain (Secretaria do Meio Ambiente 1997). The cerrado vegetation is not uniform in physiognomy, ranging from grassland to tall woodland (Coutinho 1990 ), but most of its physiognomies lie within the range defined as tropical savanna (Sarmiento 1983 ). Owing to its high richness, high degree of endemism, and present conservation status, Fonseca et al. (2000) included the cerrado among the 25 biodiversity hotspots for conservation in the world.
As previously stated, the lognormal distribution is widely found in communities with a large number of species and influenced by many independent factors (Whittaker 1965 , May 1975 , Gray 1987 . Since the cerrado vegetation is rich in species (Castro et al. 1999) and influenced by many environmental factors, such as water stress, fire, flooding, soil fertility, and aluminium toxicity (Lopes & Cox 1977) , we postulated that the community of woody species in a cerrado fragment fits the lognormal abundance distribution. Although there are many phytosociological surveys carried out in cerrado areas (Castro et al. 1999) , none applied abundance distribution models. Our aim was to study the abundance distribution of woody species in a cerrado fragment, testing the hypothesis that the abundance distribution fits the lognormal model.
Material and methods
We carried out this study on the campus of the Federal University of São Carlos, located in São Carlos, São Paulo State, southeastern Brazil, at 21°58'-22°00'S and 47°51'-47°52'W. Regional climate is warm temperate with wet summer and dry winter, classified as Cwa following Köppen's (1931) system. Annual rainfall and mean annual temperature lie around 1,339 mm and 22.1ºC, respectively. The campus has 643 ha, 34% of which is covered by cerrado vegetation, especially cerrado sensu stricto, a woodland according to Sarmiento (1984) .
In a cerrado area, located at the northwestern portion of the campus, we randomly placed 20 lines, perpendicularly to the fragment edge. In each line, we systematically placed ten points, 10 m apart one from the other. We used the pointquarter method (Mueller-Dombois & Ellenberg 1974) to sample the woody component of the plant community. We considered as belonging to the woody component all living individuals with stem diameter at soil level equal or larger than 3 cm (SMA 1997) . In the 20 lines, we sampled 800 individuals. We identified the sampled individuals with an identification key based on vegetative characters (Batalha & Mantovani 1999) , collected voucher samples of each species, and lodged them at the Federal University of São Carlos herbarium. We classified the species into families according to the system proposed by Judd et al. (1999) .
We ranked the sampled species in decreasing order of abundance and constructed a frequency distribution histogram, using log 2 (Preston 1948) . For the x axis, we had the following octaves: 0-1, 1-2, 2-4, 4-8, 8-16, 16-32, 32-64 individuals, and so on. When we found abundances in the limit between two octaves, we divided the number of species between the octaves (Preston 1948) . We tested the distribution for normality using the Kolmogorov-Smirnov test (Zar 1999) , which is recommended for fitting data to abundance distribution models (Hill & Hamer 1998) . We compared observed frequencies to those expected theoretically by the lognormal distribution (Preston 1948) , described by:
in which: S(R) = number of species in the Rth octave to the left and to the right of the symmetrical curve; S 0 = number of species within modal abundance octave; 1/a = width of the distribution (a = 1/√ -2σ, in which σ is the standard deviation) (Kevan et al. 1997) . Preston (1948) also stated that the curve obtained with equation I is infinitesimal and, thus, the area comprised within the curve represents the total number of species expected for the community, which can be determined by:
in which: N = total number of species expected for Rth octaves to the left and to the right of the symmetrical curve; n 0 = total number of species obtained by the curve in modal octave; π = 3,1416; 1/a = width of the distribution.
Based on equation II, we calculated the expected number of species in the community we studied, to estimate the number of species in that community.
Results
We sampled 800 individuals, belonging to 30 families, 46 genera, and 63 species ( We found nine octaves (figure 1), with the fourth octave (4-8 individuals) being the modal one, with 23.8% of the sampled species. We did not reject the null hypothesis that the abundance distribution of woody species was normal (p = 0.121). Therefore, the abundance distribution of these species fitted the lognormal model. From the observed distribution curve, we found 14 as the number of species in the modal octave. Applying equation II to estimate the number of species in the community, we calculated as 78 the expected number of species (σ = 4.93, a = 0.318).
Discussion
The community of woody species we studied fitted the lognormal abundance distribution model. The curve we found was an almost complete bell-shaped distribution, with a veil line close to the origin, suggesting that our sample was large enough to include most of the woody species in the community (May 1975 , Pielou 1975 . Other natural communities also fitted the lognormal model, for example, birds and mammals (Preston 1962) , diatoms (Patrick 1968) , lepidopterans (Kempton & Taylor 1974) , benthos (Gray & Mirza 1979) , bacteria (Hirano et al. 1982) , fish (Magurran 1996) , and bees (Kevan et al. 1997) .
The ubiquity of the lognormal distribution may be simply a consequence of the mathematical properties of the distribution. The lognormal distribution may stem from large numbers and the Central Limit Theorem (May 1975) . The Central Limit Theorem states that when a large number of factors act to determine the amount of a variable, random variation in those factors will result in a normal distribution of that variable (Magurran 1996) . The lognormal curve appears when the number of species is large (May 1975) .
In the cerrado, not only the number of species is large (Castro et al. 1999) , but also there are many environmental factors that may act upon the plant community, determining the occurrence of this vegetation type and its physiognomic gradient, such as water stress, fire, flooding, soil fertility, and aluminium toxicity (Lopes & Cox 1977 ). The lognormal distribution would then arise simply as a response to the statistical properties of the large number of species and the many environmental factors (Magurran 1996) . A biological explanation of the lognormal distribution is suggested by the sequential niche breakage model (Sugihara 1980) , in which the niche hyper-space is split sequentially by constituent species. The abundance distribution reflects the niche structure of the community (MacArthur 1957 , Whittaker 1965 , May 1975 , Pielou 1975 . The portion of niche space occupied by each species is proportional to its abundance and the probability of a niche fragment being subdivided is independent of its size (Sugihara 1980 ). The sequential breakage yields different species abundance distributions, dividing the species into groups (Sugihara 1980) , such as dominant and rare species. Dominance is an important component of community organization, since dominant species may exert a controlling effect upon other species, especially due to their competitive ability (Krebs 1994) . Dominant species can act as key-species, whose activities determine community structure (Janzen 1986) , providing resources or affecting its functioning (Krebs 1994 ). In the community we studied, due to its high relative density, Anadenanthera falcata is the dominant species.
Our results pointed out that the abundance distribution of the woody component in a cerrado fragment fitted the lognormal model, with some species very abundant, some very rare, and most with intermediate abundances. Other questions may be answered with future studies: Do other cerrado plant communities fit the lognormal abundance distribution model? Is this pattern maintained in other cerrado physiognomies? And in the herbaceous component? Is this distribution model maintained when the community is submitted to disturbances, as frequent burnings or alien plant invasion?
